Two kinds of Pd-modified MgNi were prepared: sample I, ball-milling Pd (1, 6 and10 mol%) with amorphous MgNi for 10 min, 2 hr and 10 hr respectively, and sample II, ball-milling 10mol% Pd with Mg 2 Ni and Ni for 80 hr. Effects of Pd addition on electrochemical properties of MgNi were investigated. For sample I, effects of Pd depended on both Pd ratio and the time of ball-milling. During ball-milling, Pd became amorphous and distributed uniformly on the surface of MgNi powder. At 6mol% and 10mol% Pd, the degradation of discharge capacity of MgNi was significantly decreased.
Introduction
Amorphous MgNi is attractive to be used as anode material of rechargeable Ni/MH batteries and has been extensively studied [1] [2] [3] [4] [5] [6] . However, the discharge capacity of MgNi decreases rapidly with the cycles [1] [2] [3] [4] [5] [6] [7] because of the formation of Mg(OH) 2 during charge/discharge cycles 7) . The present authors have found that the formation of Mg(OH) 2 is not necessarily due to charge/discharge cycles, but it is simply formed by chemical reactions with electrolyte solution 8) . More experimental results 9, 10) suggested that the properties of MgNi would be improved by surface modification and/or bulk modification if the formation of Mg(OH) 2 could be inhibited.
Surface modification is an effective method to improve the properties of MgNi.
Ball-milling graphite with MgNi for short time [11] [12] [13] and vacuum evaporating carbon on MgNi 14) increased the discharge capacity and cycle life of MgNi. The present authors also found that ball-milling some aromatic compounds such as benzene (C 6 H 6 ) and perylene (C 20 H 12 ) increased discharge capacity and/or cycle life of MgNi 15) . Meanwhile composition modification, such as alloying Ti 6, 12, 16, 17) , V 12, 17, 18) , Zr, Al 16) , and Y 19) with MgNi, could result in a certain extent of improvement on electrochemical properties of MgNi.
Pd is one of catalysts studied in metal-hydrogen reaction. For Mg-Ni alloy system, Zaluski et al. 20) found that small amount of Pd (less than 1mass%) addition not only 
Experimental
Mg 2 Ni (below 200 mesh) and Ni (about 3 -7 µm) powders was mixed at molar ratio of 1:1. Two grams of the mixture powder were put into a chromium steel vessel of 12 cm 3 together with eighteen balls of chromium steel (5.5 mm diameter) in argon atmosphere by using a glove box. A planetary ball mill apparatus (Fritsch P5) was used to grind mechanically the mixture powder at a rotation speed of 350 rpm. After 80 hr of ball-milling, the MgNi powder was taken out from the vessel and kept in argon.
In this study, two kinds of Pd-modified MgNi were prepared. For sample I, after amorphous MgNi was prepared, pure Pd powder (about 1 µm) at 1, 6 and 10 mol% was mixed with MgNi and ball milled again for 10 min, 2 hr and 10 hr under same ball-milling conditions as MgNi preparation. Prepared powders of sample I will be indicated as MgNi-x%Pd or MgNi-x%Pd-yhr (x=1, 6, 10 and y= 10 min, 2 and 10 hr)
hereafter. As for Sample II, Pd was mixed with Mg 2 Ni and Ni in10:45:45 molar ratio, then the mixed powder was ball milled for 80 hr under above mentioned conditions and the achieved powder will be called (MgNi) 90 Pd 10 in this paper.
Each of Pd-modified MgNi powder, as well as bare MgNi, was mixed with electrolytic copper powder (2 -3 µm) in a mass ratio of 1:3 respectively, and 1 g of such mixture was compressed at 590 MPa for 10 min into a disc with 10 mm in diameter in argon.
The disc was sandwiched in two nickel meshes and fixed by spot-welding. The charge-discharge characteristics of each sample were measured in 6M KOH solution at 25 controlled by a water bath. Two-electrode system was used, where the sandwiched sample disc acted as the negative electrode and sintered Ni(OH) 2 peaks became weak, and after 10 hr only the strongest peak of Pd at 40.1° could be identified, while there was no noticeable change on amorphous peak of MgNi. The XRD patterns of MgNi-1%Pd and MgNi-10%Pd showed similar results as MgNi-6%Pd, even the peaks of Pd for MgNi-1%Pd were much weaker than those of MgNi-6%Pd because of lower Pd concentration. , and high concentration Pd . In these studies Pd was regarded as catalyst for hydrogen absorption.
However, in this study, 1mol% Pd showed negligible effects on properties of amorphous MgNi in 6M KOH and effects of 6 and 10mol% Pd were strongly depended on ball-milling time and the method of Pd modification. These results suggest that the roles of Pd on the properties of MgNi are different with that on Mg 2 Ni. In addition, it was found that during ball-milling with MgNi, Pd gradually lost its crystal structure, became into atom group (nanostructure) or atom and dissolved into amorphous MgNi and/or attached on the surface of MgNi. This transformation seems very crucial for the properties of MgNi.
In our previous studies 8-10, 14, 15) , it has been concluded that, 1) the discharge capacity of structure, while strong sharp peaks of Pd indicated most of Pd was in crystalline state after ball-milling. This result was very similar with those of MgNi-6%Pd-10min and MgNi-10%Pd-10min. Discharge capacity for Pd ball-milling with graphite was about 14-17 mAhg -1 for all cycles under current testing conditions as shown in Fig. 5(a) indicating that the ability of hydrogen absorption of crystalline Pd in 6M KOH is much lower than that of MgNi. Meanwhile it was found nanocrsystalline Pd had lower hydrogen absorption ability than grained (crystalline) Pd at 298K 22) . These results suggest that discharge capacity of Pd is very lower comparing with amorphous MgNi and the improvement on discharge capacity of Pd-modified MgNi as shown in Fig. 3(b) and Fig 5(b) is not due to the hydrogen absorption ability of Pd.
In order to understand whether Pd on the surface of MgNi causes significant increase in Effects of deposited Pd on the properties of MgNi are shown in Fig. 6 . After sputtering, nother possible explanation for Pd min, which showed decreased discharge capacity no difference was found comparing that of bare MgNi from XRD results. The discharge capacity of MgNi was increased by deposited Pd from 360 to 405mAhg -1 at the first cycle, but the degradation of discharge capability had not been suppressed. In our previous research, improved properties of MgNi by carbon evaporation 14) was regarded as that surface-applied carbon worked as active positions on the surface of MgNi powder to improve the electron translation and hydrogen absorption. By Barrel Sputtering Technique, the thin Pd layer on the MgNi surface only increased discharge capacity at the first cycle but did not inhabit the decay of discharge capacity with cycles, which was very similar with that of MgNi-6%Pd-10min in Fig. 3(b) and carbon modification 14) , with cycles; while for 2 hr and 10 hr ball-milling, which showed very lower degradation speed than bare MgNi, there was no observable Mg(OH) 2 peaks. Combining the results shown in Fig.1, Fig.2 
